Coral reefs are the most biodiverse and biologically productive of all marine ecosystems. Corals harbor diverse and abundant prokaryotic communities. However, little is known about the diversity of coral-associated bacterial communities. Mucus is a characteristic product of all corals, forming a coating over their polyps. The coral mucus is a rich substrate for microorganisms. Mucus was collected with a procedure using sterile cotton swabs that minimized contamination of the coral mucus by surrounding seawater. We used molecular techniques to characterize and compare the bacterial assemblages associated with the mucus of the solitary coral Fungia scutaria and the massive coral Platygyra lamellina from the Gulf of Eilat, northern Red Sea. The bacterial communities of the corals F. scutaria and P. lamellina were found to be diverse, with representatives within the Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria, Deltaproteobacteria and Epsilonproteobacteria, as well as the Actinobacteria, Cytophaga-Flavobacter/Flexibacter-Bacteroides group, Firmicutes, Planctomyces, and several unclassified bacteria. However, the total bacterial assemblage of these two corals was different. In contrast to the bacterial communities of corals analyzed in previous studies by culture-based and culture-independent approaches, we found that the bacterial clone libraries of the coral species included a substantial proportion of Actinobacteria. The current study further supports the finding that bacterial communities of coral mucus are diverse.
Introduction
Coral reefs are the most biodiverse and biologically productive of all marine ecosystems and comprise the largest structures created by living organisms (Sorokin, 1990) . Corals harbor diverse and abundant prokaryotic communities (Rohwer et al., 2001 (Rohwer et al., , 2002 Frias-Lopez et al., 2002 , 2004 Bourne & Munn, 2005; Klaus et al., 2005) . However, little is known about the structure and function of coralassociated bacterial communities.
Since the 1980s, the majority of studies investigating the bacterial communities associated with corals have focused on culturable bacteria. However, with the advent of molecular biological techniques, it is widely accepted that culture-based techniques are inadequate for studying bacterial diversity from nature owing to the fact that in many environmental samples about 99% of the bacteria cannot be cultured using traditional techniques (Tsai & Rochelle, 2001; Rappe & Giovannoni, 2003) . Molecular methods have revolutionized our understanding of the composition, phylogeny, physiology and function of microbial communities in nature (Pace, 1997; Rochelle, 2001) . The application of molecular phylogenetic techniques to the study of microbial communities in nature without traditional bacterial cultivation has resulted in the discovery of many novel bacteria and has revealed that many bacterial communities are unexpectedly diverse.
Several studies have compared microbial communities between diseased and healthy corals (Cooney et al., 2002; Frias-Lopez et al., 2002 , 2004 Casas et al., 2004) . Their primary goal was to find the bacteria that are present only in diseased corals and not in healthy ones, in order to find the causative disease pathogen. However, at present, very little is known about the natural populations of bacteria associated with corals.
Mucus is a characteristic product of all corals, forming a coating over their polyps (Meikle et al., 1988) . The mucus is excreted by the mucocyte, a unicellular gland (Marshall & Wright, 1993; Goldberg, 2002) . The mucus forms, under normal circumstances, a thin layer over the external surface of the polyps. However, when the polyps are stressed, as when roughly handled, mechanically injured or when exposed to air, they excrete large quantities of mucus, which give an almost gelatinous consistency to the water around them (Duerden, 1906) . In addition, excretion of mucus varies among coral species. In general, massive coral species, such as Porites spp. or Platygyra spp., release more mucus than branching corals, such as Acropora spp. and Stylophora spp. (Daumas & Thomassin, 1977) . Nevertheless, mucus secretion in fungid (solitary) corals is copious (Coles & Strathmann, 1973) .
Coral mucus is a rich substrate for microorganisms and therefore we focused on this ecological niche. In a previous study (Lampert et al., 2006) , we investigated the culturable bacterial community within the mucus of healthy specimens of the Red Sea solitary coral Fungia scutaria. More than 30% of the isolated bacteria were found to be representatives of novel species and one strain was likely to be a representative of a new genus. The culturable heterotrophic bacterial community of the mucus of this coral was found to consist mainly of the bacterial groups Gammaproteobacteria, Alphaproteobacteria and Actinobacteria.
In the present study, we have used molecular techniques to characterize and compare the total bacterial assemblages associated with the mucus of the solitary coral Fungia scutaria and the massive coral Platygyra lamellina from the Gulf of Eilat, northern Red Sea. In addition, we compared our results for F. scutaria with those of a previous study (Lampert et al., 2006) of the bacteria associated with this coral using culture-based techniques.
Materials and methods

Sample collection
Mucus samples of the solitary coral Fungia scutaria and the massive corals Platygyra lamellina, Hydnophora microconos and Favites sp. were collected in situ at 1-2 m depth from the coral reef of the Gulf of Eilat, northern Red Sea. The samples were collected in front of the Inter University Institute (IUI) of marine biology at Eilat. The corals appeared to be healthy at the time of sampling. Mucus samples were collected with sterile cotton swabs that were placed in 15-mL sterile tubes. The sterile tubes were inverted and opened underwater adjacent to the coral surface to minimize seawater entering the tubes. Mucus samples from c. 1 cm 2 of coral surface area were taken with these swabs, and placed back inside the empty tubes. The tubes were closed tightly underwater and then frozen at À 70 1C for further study. In addition, mucus from F. scutaria was milked directly into sterile tubes with coral specimens exposed to air. This was done by raising the solitary corals out of the water and waiting until the mucus started to drip from the coral surface. The tubes were immediately frozen and stored at À 70 1C until use. Previous studies have shown very little overlap between the bacterial community of the seawater surrounding the corals and that associated with corals (Rohwer et al., 2001; Frias-Lopez et al., 2002) . Based on these studies we chose to focus solely on the bacterial communities from the mucus of the corals.
Extraction of genomic DNA from coral mucus
Total bacterial DNA from the frozen mucus of four coral species was extracted by six DNA extraction kits. Comparison of amounts of DNA and efficiency of the extraction method of the various DNA extraction kits was necessary to determine which extraction method to use in the current study. The DNA extraction kits used were: (1) FastDNA (Kit 5) , in each case the sample swab was shortened and only the cotton edge with the mucus was placed inside the extraction tube. For Kit 1 the tubes with the beads were shaken in a bead beater [Model 1107900 Biospec Products with 0.1 and 1.0 mm zirconia/silica beads (Biospec Products)] at maximum speed for 40 s. The tubes were then centrifuged at 10 000 g for 10 min. The next steps were according to the manufacturer's procedure. For Kit 2, after adding lysis buffer and proteinase K to the tube it was vortexed at maximum speed for 3 min. The swab was then carefully squeezed out on the wall of the tube and discarded. The next steps of the extraction protocol were used as recommended by the manufacturer. For Kit 3, the next steps of the extraction protocol were used as recommended by the manufacturer for DNA extraction from difficult samples. For Kit 4, 20 mL of lysozyme solution (20 mg mL À1 ) was added to the tube in addition to the lysis buffer supplied with the kit, and the mix solution was incubated at 37 1C for 30 min. Then, the swab was carefully squeezed out on the wall of the tube and discarded. The next steps of the extraction protocol were used as recommended by the manufacturer. For Kit 5, the swab with a mucus sample was placed in a sterile tube with 200 mL phosphate-buffered saline (PBS) and vortexed at maximum speed for 3 min. The swab was carefully squeezed out on the wall of the tube and discarded. When milked mucus of F. scutaria was used directly, 200 mL of the mucus was transferred into a sterile tube. Binding buffer and proteinase K were added to the tube, mixed together and incubated at 72 1C for 10 min. After the tube was cooled to 37 1C, 5 mL lysozyme solution (10 mg mL
À1
) was added to the tube and incubated at 37 1C for 15 min. The next steps of the extraction protocol were performed as recommended by the manufacturer. For Kit 6, the extraction was done according to the manufacturer's procedure. Finally, the concentration (mg mL À1 ) of the extracted DNA and its purity (DNA/protein ratio) for each of the extraction methods were determined using a spectrophotometer.
PCR amplification of 16S rRNA gene fragments
For construction of clone libraries, genomic DNA was extracted from frozen mucus samples of the corals F. scutaria and P. lamellina using the FastDNA s SPIN Kit for Soil as described above. For F. scutaria, we used samples that were collected at the same time and from the same colonies as those used for the culture-based method of our previous study (Lampert et al., 2006) . Total DNA from each coral mucus was quantified using a spectrophotometer. PCR was performed using 100 ng of DNA from each sample with the eubacterial-specific forward primer 8-27: 5 0 -AGAGTTTGATCCTGGCTCAG-3 0 (Weisburg et al., 1991) , and reverse primer 785-804: 5 0 -CTACCAGGGTATC-TAATCC-3 0 (Lee et al., 1993) to amplify the 16S rRNA gene. PCR was performed using Platinum s Taq DNA polymerase (Invitrogen, Carlsbad, CA) under the following conditions: initial denaturation at 94 1C for 5 min, followed by 92 1C for 30 s, annealing at 56 1C for 2 min and extension at 72 1C for 1.5 min, and a final extension of 5 min at 72 1C in a PTC-200 cycling system (MJ Reaserch, Waltham, MA, USA). Cycling conditions were for 20, 25, 30 and 35 cycles with a negative control for each. PCR products were checked and purified by electrophoresis in a 1% (w/v) agarose gel. Bands of appropriate size were present only in the 35-cycle reaction and were excised, as well from the corresponding position in the PCR negative control lane. The use of 35 cycles could have some potential for bias introduced in the PCR amplification, and therefore this should be taken into account when analyzing these clone libraries. Total bacterial DNA was recovered using a QIAquick Gel Extraction Kit (QIA-GEN, Inc., Chatsworth, CA) according to the manufacturer's protocol.
Construction of 16S rRNA gene clone libraries
To enhance the cloning performance we added 3 0 -A overhangs to the PCR products following amplification. Each PCR product (including the PCR negative control) was diluted 1 : 10 with 10 Â PCR buffer. Then, 0.5 mL Platinum s Taq DNA polymerase (Invitrogen) and dATP were added to the PCR products. The mixed solution was incubated at 72 1C for 10 min, and immediately put on ice for the cloning procedure.
Gel-purified PCR products from the coral mucus samples as well as the PCR negative control were ligated into pCR-XL-TOPO vector and transformed into One-Shot TOP 10 chemically competent Escherichia coli cells using the TOPO s XL PCR Cloning Kit (Invitrogen) according to the manufacturer's procedure.
Sequencing and phylogenetic analysis
Clones were sequenced by Agencourt Bioscience (Beverly, MA) using the M13 forward and reverse primers. Partial 16S rRNA gene sequences were analyzed by comparison with the 16S rRNA genes in the GenBank database. The nearest relatives of each organism were obtained by BLAST searches (Altschul et al., 1990) . The 16S rRNA gene sequences of the bacterial clones were deposited in GenBank under accession numbers EF466016-EF466058 for F. scutaria and EF576992-EF577027 for P. lamellina.
Phylogenetic analysis of the bacterial clones was performed using the ARB software package (Ludwig et al., 2004) . 16S rRNA gene sequences retrieved from the GenBank database were added to the rRNA gene sequence database of the ARB phylogenetic program package (Ludwig et al., 2004) . The ARB-ALIGN tool was used for sequence alignment. Framework phylogenetic trees were constructed using the ARB parsimony and maximum-likelihood methods in combinations with filters of 501 of variable positions, with the same outgroup. The consistency of the trees was also verified by bootstrapping (1000 replicates) for parsimony.
Clone-library rarefaction curves, as well as the ShannonWeiner index for diversity and Chao1 index for total species richness were analyzed using the FASTGROUPII program (Yu et al., 2006 ; http://biome.sdsu.edu/fastgroup/fg_tools.htm), with a default of 83% similarity in sequence match.
Results
DNA extraction methods
A comparison between six DNA extraction kits was performed with mucus samples of four species of Red Sea corals, in order to choose the most efficient method of obtaining genomic DNA of coral mucus-associated bacteria (Table 1 ). The highest yield of extracted DNA was determined by measuring the DNA concentration. The purity of the DNA was assessed via analysis of the DNA/protein ratio. From these results, we found that a combination of high DNA concentration and high purity of DNA was obtained with the BIO 101 FastDNA s SPIN Kit for Soil. With this extraction kit we obtained for the massive coral P. lamellina the highest concentration of DNA (0.078 mg mL À1 ), and a high level of purity of 1.92 DNA/protein ratio. Using the same extraction kit, we found for the solitary coral F. scutaria that a high yield and purity of DNA could be achieved by sampling mucus with a swab (DNA concentration of 0.035 mg mL À1 and DNA/protein ratio of 1.99), instead of milked mucus (DNA concentration of 0.037 mg mL À1 and a low DNA purity indicated by a DNA/ protein ratio of 3.22). Therefore, this extraction method using swab sampling with DNA extracted from swabs using the BIO 101 FastDNA s SPIN Kit for Soil was chosen to obtain genomic DNA from mucus of the corals F. scutaria and P. lamellina for molecular cloning.
Phylogenetic diversity
For the solitary coral F. scutaria, 53 clones were sequenced and subjected to phylogenetic analysis. In total, 43 (81%) independent sequence profiles were obtained. The diversity of bacterial phylotypes within the mucus of F. scutaria is presented in Fig. 1 and Table 2 . Overall, 27% of the clones clustered within the Gammaproteobacteria, 23% within the Alphaproteobacteria, 2% within the Betaproteobacteria, 2% within the Deltaproteobacteria, 2% within the Epsilonproteobacteria, 25% within the CFB (Cytophaga-Flavobacter/Flexibacter-Bacteroides) group, 11% within the Actinobacteria, 2% within the Firmicutes, 2% within the Planctomyces and 4% were unclassified bacteria (Fig. 3a) .
For the massive coral P. lamellina, 54 clones were sequenced and subjected to phylogenetic analysis. In total, 36 (67%) independent sequence profiles were obtained. The diversity of bacterial phylotypes within the mucus of P. lamellina is presented in Fig. 2 and Table 3 . In general, 51% of the clones clustered within the Actinobacteria, 26% within the Gammaproteobacteria, 6% within the Alphaproteobacteria, 4% within the Betaproteobacteria, 2% within the Deltaproteobacteria, 9% within the Firmicutes and 2% within the CFB group (Fig. 3b) .
Rarefaction analyses were performed on both clone libraries to determine the number of unique bacterial clones as a proportion of the estimated total diversity within each library. On no occasion did the rarefaction curves reach a clear saturation, indicating that further sampling of both clone libraries may have revealed additional diversity (Fig. 4) . To determine the abundance and richness of the bacterial communities associated with the coral mucus we used the Shannon-Wiener index to quantify species diversity. This index incorporates both richness and evenness in a community. A higher Shannon-Wiener index correlates with higher diversity. We also used the Chao1 index to estimate total species richness. Our analysis revealed that both clone libraries were diverse. The clone library of F. scutaria was more diverse than that of P. lamellina, with a Shannon-Wiener index of 3.6465 and Chao1 of 86.0 ribotypes. In the P. lamellina clone library, the Shannon-Wiener index was 2.9716 and Chao1 was 84.13 ribotypes.
A number of clones from both clone libraries had close relatives to previously described symbionts of marine Fig. 1 . A phylogenetic tree based on 16S rRNA gene sequences retrieved from a clone library analysis of the mucus of the coral Fungia scutaria. The clones were compared against sequences obtained from the NCBI database. The tree is based on maximum-likelihood analysis, using a 50% conservation filter. Parsimony analysis essentially yielded the same topology. The scale bar indicates 10% estimated sequence divergence. Acidimicrobium ferrooxidans was used as the outgroup for analysis. Sequences retrieved from the clone library analysis are in bold type and their accession numbers are provided in Table 2 . CFB, Cytophaga-Flavobacter/Flexibacter-Bacteroides. Acidimicrobium ferrooxidans (U75647) P-f02 P-f01 Micromonospora echinospora (U58532) P-g11 Micromonospora chalcea (X92594) P-e10 P-e11 P-h09 Micromonospora sp. (AY221488) P-f07 P-h12 P-e04 P-f05 P-g12 P-g08 P-h11 P-g03 Fig. 2 . A phylogenetic tree based on 16S rRNA gene sequences retrieved from a clone library analysis of the mucus of the coral Platygyra lamellina. The clones were compared against sequences obtained from the NCBI database. The tree is based on maximum-likelihood analysis, using a 50% conservation filter. Parsimony analysis essentially yielded the same topology. The scale bar indicates 10% estimated sequence divergence. Acidimicrobium ferrooxidans was used as the outgroup for analysis. Sequences retrieved from the clone library analysis are in bold type and their accession numbers are provided in Table 3 . CFB, Cytophaga-Flavobacter/Flexibacter-Bacteroides. invertebrates. Clone F-c08 from F. scutaria was distantly (95% 16S rRNA gene sequence similarity) related to an uncultured alphaproteobacterium clone 31P16 from the sponge Phyllospongia papyracea (GenBank accession number AY845235), and also distantly (91% similarity) related to a cultured alphaproteobacterium isolated from the mucus of the Mediterranean coral Oculina patagonica (GenBank accession number AY654833). Clones P-g03, P-e12 and 20-A2 from P. lamellina were related to bacterial symbionts of marine sponges (GenBank accession numbers AY542794, AY542795 and AF434972, respectively), with 95-99% similarity. Clone F-c05 from F. scutaria was distantly related (87% similarity) to an uncultured CFB group bacterium (GenBank accession number AJ441237) associated with the mucus of the hydrothermal vent polychaete Paralvinella palmiformis (Alain et al., 2002) . Clone F-c02 from F. scutaria was closely affiliated (99% similarity) to the previously described gammaproteobacterium Fun-110 (GenBank accession number DQ107393) isolated from the mucus of the same coral species (Lampert et al., 2006) .
A number of clones from both clone libraries were closely affiliated to previously described coral-associated bacteria. 16S rRNA gene sequences from clones F-a01 and F-c04 from F. scutaria were similar to those from uncultured Alphaproteobacteria (GenBank accession numbers DQ200642 and DQ200417), and clone F-d06 was found to be closely related to an uncultured candidate division CAB-I bacterial clone (GenBank accession number DQ200463), all of which were found from the tissue of the Caribbean coral Montastraea annularis (98-100% similarity). Clone 21-2a6 from F. scutaria was affiliated (96% similarity) with an uncultured coral-associated bacterium clone BT60DS4BA6 (GenBank accession number AF365726).
Clone F-a07 from F. scutaria was closely related (99% similarity) to Vibrio sp. BLI-41 (GenBank accession number AY217772). This clone was also found to be a relative (97% similarity) of Vibrio coralliilyticus (GenBank accession number AJ440004), a pathogen of the coral Pocillopora damicornis (Ben-Haim et al., 2003) .
Clone P-g12 from P. lamellina was closely related (99% similarity) to the cultured actinomycete Micromonospora sp. MT25 (GenBank accession number AY894337), isolated from the Challenger Deep Sea mud (10898 m) of the Mariana Trench. Clone P-e04 from the same coral was found to be closely related (99% similarity) to a novel obligate marine actinomycete, Micromonospora sp. CNH394 (GenBank accession number AY040625) isolated from ocean sediment (Mincer et al., 2002) .
Discussion
The present study provides the first analysis of the microbial communities in the mucus layers of two species of stony corals from the Gulf of Eilat, northern Red Sea. The microbial communities of the solitary coral F. scutaria and the massive coral P. lamellina were found to be diverse, with representatives of several bacterial groups. The total bacterial assemblage of the mucus of the two corals had representatives within the Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria, Deltaproteobacteria and Epsilonproteobacteria, as well as within the Actinobacteria, CFB group, the Firmicutes, Planctomyces and several unclassified bacteria (Tables 2 and 3) .
Phylogenetic diversity studies of microbial communities of corals (Rohwer et al., 2001 (Rohwer et al., , 2002 Frias-Lopez et al., 2002 , 2004 Pantos et al., 2003; Kellogg, 2004; Wegley et al., 2004; Bourne & Munn, 2005; Klaus et al., 2005) have used different methods of sampling. These methods included the use of a syringe for sampling coral mucus in situ (Kellogg, 2004; Bourne & Munn, 2005) , airbrushing of coral tissue (Rohwer et al., 2001 (Rohwer et al., , 2002 Wegley et al., 2004; Bourne & Munn, 2005) and crushing of coral fragments (Frias-Lopez et al., 2002 , 2004 Pantos et al., 2003; Klaus et al., 2005) . Coral mucus is a rich substrate for microorganisms and therefore we focused in the current study on this ecological niche. Different methods of mucus collection from corals were previously used. These methods were done to generate mucus in order to study its chemical and microbial composition. They included the collection of mucus from natural tidal air-exposed corals (Daumas et al., 1982; Wild et al., 2004a, b) , collection of mucus from experimental air-exposed corals (Coles & Strathmann, 1973; Benson & Muscatine, 1974; Ducklow & Mitchell, 1979a, b; Krupp, 1981; Coffroth, 1990; Vacelet & Thomassin, 1991; Wild et al., 2004a, b) , collection of mucus after sediment application on the coral surface (Mitchell & Chet, 1975) , mucus collection with water jets (Benson & Muscatine, 1974; Richman et al., 1975; Rublee et al., 1980) and syringe collection of mucus (Coles & Strathmann, 1973; Ducklow & Mitchell, 1979a; Coffroth, 1990; Kellogg, 2004; Bourne & Munn, 2005) . In the present study, the mucus was sampled with a sterile swab or directly milked from air-exposed corals. We chose not to collect mucus with a syringe, owing to the fact that this method results in sampling of large amounts of surrounding seawater (Bourne & Munn, 2005) . A comparison between different DNA extraction kits was performed with the mucus samples in order to choose the most efficient method of obtaining genomic DNA of coral mucus-associated bacteria ( Table 1 ). The highest purity and concentration of DNA was obtained from mucus sampled with a swab. We therefore used this method to collect mucus from corals for the generation of bacterial clone libraries. To the best of our knowledge, this is the first report of such a method of mucus collection from corals. This method provided suitable bacterial genomic DNA to obtain diverse phylogenetic clone libraries from corals.
Based on analysis of the resultant clone libraries, the unculturable bacterial communities of the mucus of the Red Sea stony corals F. scutaria and P. lamellina were found to be different (Fig. 3) . In the solitary coral F. scutaria, the community mainly comprised the bacterial groups Gammaproteobacteria, CFB and Alphaproteobacteria. Actinobacteria were present in the community at a lower percentage. In contrast, in the massive coral P. lamellina, more than 50% of the community comprised Actinobacteria. The class Actinobacteria (Stackebrandt et al., 1997) consists of high-G1C-content Gram-positive bacteria and includes the Actinomycetes (order Actinomycetales). Most actinomycetes have been isolated from soil and are best known as a source of diverse bioactive natural products. The distribution of Actinomycetes in the sea remains largely undescribed. Several studies have reported the isolation of novel marine Actinomycetes (Jensen et al., 2005a, b) . A sponge from the Great Barrier Reef has been reported to harbor novel Actinomycetes, only a few of which were culturable (Webster et al., 2001) . The major new genus Salinospora is an obligate marine Actinomycetes that was discovered from ocean sediments (Mincer et al., 2002 (Mincer et al., , 2005 . Recently, we have isolated several strains of Actinobacteria, which represented 23% of the culturable microbial community of the mucus of F. scutaria (Lampert et al., 2006) . This was the first evidence of Actinomycetes isolated from corals. However, this is broadly consistent with our finding in the present study that only 11% of clones from this coral represented Actinomycetes (Fig. 3a) . Using molecular cloning techniques, it was discovered that the microbial community of P. lamellina comprised 51% Actinobacteria. These results suggest that it will be interesting to focus on the mucus of this coral species for the isolation of novel Actinomycetes from the marine environment.
The criterion commonly used for the proposal of new genera of bacteria is o 93% 16S rRNA gene sequence similarity to previously published GenBank sequences, and for the proposal of novel species is o 97% (Rohwer et al., 2002) . Based on these criteria, 18.5% of the bacteria in the clone library of P. lamellina were novel; of these, 70% were novel at the genus level and the remainder were novel at the species level (Table 3) . It is interesting to note that clone 20-A8 from the mucus of P. lamellina showed highest sequence similarity (90%) to a clone from the Gammaproteobacteria and to a clone from the Alphaproteobacteria (89%). This further demonstrates that this clone most probably represents a novel species of a new genus distant from other known bacteria.
In F. scutaria, 39.6% of the bacteria in the clone library were novel; of these, 57% were novel at the genus level and the remainder were novel at the species level (Table 2) . From the clones that showed o 93% sequence similarity to previously described strains, 75% were affiliated to the CFB group. Moreover, the putative novel genus in the culturable community of this coral species was also affiliated to this bacterial group (Lampert et al., 2006) .
The species composition of the cultured bacterial community of F. scutaria (Lampert et al., 2006) differed dramatically from that of the uncultured community (present study). It is important to note that the samples used in the current study as well as the previous study (Lampert et al., 2006) were collected at the same time and from the same colonies. This finding is consistent with results of other studies that compared the cultured and uncultured bacterial communities of the coral Montastraea franksi (Rohwer et al., 2001) and of the marine sponge Rhopaloeides odorabile (Webster et al., 2001) . Although the CFB group represented 25% of the uncultured bacterial community, only one strain (5%) affiliated to this bacterial group was isolated from this coral (Lampert et al., 2006) . The cultured strain Cytophaga/ Flavobacterium sp. Fun-113 (GenBank accession number DQ107405) isolated from F. scutaria (Lampert et al., 2006) was not found in the bacterial clone library of the same coral species. However, one clone (F-c02, Table 2 ) was found to be a close relative (99% sequence similarity) of the cultured marine gammaproteobacterium Fun-110 (GenBank accession number DQ107393) isolated from the same coral species (Lampert et al., 2006) . This finding further supports the idea that the majority of microorganisms are not easily cultured using standard microbiological techniques (Rappe & Giovannoni, 2003) .
Bacteria form species-specific associations with corals, even when the corals are physically adjacent to one another (Rohwer et al., 2002) . In the present study we showed that the bacterial communities of the Red Sea corals F. scutaria and P. lamellina were different (Fig. 3) . These results are consistent with the findings from other coral species (Rohwer et al., 2001 (Rohwer et al., , 2002 Frias-Lopez et al., 2002; Bourne & Munn, 2005) . The bacterial community in the tissue of the Great Barrier Reef coral Pocillopora damicornis was dominated by Gammaproteobacteria, while the mucus of the coral was dominated by Alphaproteobacteria (Bourne & Munn, 2005) . Frias-Lopez et al. (2002) revealed that the bacterial community of the Caribbean coral Montastraea annularis predominantly comprised green sulfur bacteria, Alphaproteobacteria, Firmicutes and Planctomycetales. They also showed that the coral Montastraea cavernosa was dominated by Gammaproteobacteria and Betaproteobacteria. The bacterial community of the Caribbean coral Porites astreoides mainly comprised Gammaproteobacteria (Rohwer et al., 2002) . The coral Diploria strigosa was dominated by the CFB and Bacillus-Clostridium (BC) bacterial groups, and the bacterial community of the coral Montastraea franksi mainly consisted of the bacterial groups Alphaproteobacteria, Gammaproteobacteria and Cyanobacteria (Rohwer et al., 2001 (Rohwer et al., , 2002 . It is interesting to note that the bacterial communities of F. scutaria and P. lamellina had representatives of all these bacterial groups, except the Cyanobacteria. We believe that the reason the mucus of the corals analyzed in the present study did not have Cyanobacteria is that these bacteria are mainly present in the coral tissue (Lesser et al., 2004) and skeleton (Fine et al., 2005) . Rohwer et al. (2001 Rohwer et al. ( , 2002 performed airbrushing of coral tissue, and therefore obtained Cyanobacteria in their clone libraries. Nevertheless, additional sequencing of more clones may reveal cyanobacterial phylotypes. It is striking that in both bacterial clone libraries of the corals analyzed in the current study, as opposed to the bacterial communities of corals analyzed in previous studies, Actinobacteria constituted a substantial proportion of the bacterial community. Future studies will be required to understand better the nature of bacterial association with corals of different species from various reefs.
